Constraints from b —s p-p* on leptoquark
scenarios

Nejc Kosnik

o0 Univerza v Ljubljani
[ 1 ) Fakulteta za matematiko in fiziko
... Institut "Jozef Stefan”, Ljubljana, Slovenija




Leptoquarks.VVhat!

Boson color triplets, talking to a lepton and a quark

Natural in theories with mixed lepton/quark multiplets

Grand unified theories, Pati-Salam unification, composite scenarios
vector or scalar (role of gauge boson or Higgs in GUT)

fermion number F=2or F=0 (F = 3B+L)

§ — Aeg, /\C‘U

g q; [HI Collaboration ]
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Leptoquarks. Pros and cons.

Their presence generates, at tree level:
® quark flavour violation
® neutral current processes with quarks

® |epton flavor violation

If LQ endowed with di-quark couplings, then state has ill-defined B and L
numbers.

Their mass should be of the e
P
order Mgut due to proton a
decay. CX i >___>_<_-
34 J
T, > 107" yr

d
Y
[Super-Kamiokande(1996-2008)] 0
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Effective renormalizable framework

Above the weak scale complement the Standard model with (super)renormalizable terms

Remarks:

In

L= Lsnm + ‘DMA‘Z —ma’|AP* + YijAﬁfj

A = scalar/vector state with well defined quantum numbers,
e.g., (3,2,1/6)

® add single scalar/vector leptoquark at a time

® UV symmetry hidden, Lagrangian invariant under the SM gauge group
® Mass of the state is not proportional to VEV of the SM Higgs

® Fermion couplings (Yukawas) and LQ mass are new free parameters

® Renormalizable theory => UV independent => “model independent” framework.

other words ... a perfectly viable scenario.
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Leptoquarks in bs = U* -

Build appropriate LQ currents out of SM fermions:

b 14

Flavor of New Physics in b—s transitions, 3.6.2014



Leptoquarks in bs = U* -

Build appropriate LQ currents out of SM fermions:

_ scalars

Flavor of New Physics in b—s transitions, 3.6.2014



Leptoquarks in bs = U* -

Build appropriate LQ currents out of SM fermions:

_ scalars —
drL d%lRr
dry"lR vectors QC ity R

QTY'L
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Leptoquarks in bs = U* -

Build appropriate LQ currents out of SM fermions:

b 12
\\/ ’ ‘
I \\/
i Q=2/3 i O 4/3
S /\ ﬁ S /\ |
F=0 F =2
QER (37 27 _7/6) I @?ﬁé’r - L (37 3)—1/3
_ - scalars .
drL (3,2,—1/6) dS0g (3,1)-4s3
dpy*lr  (3,1,-2/3) vectors QC iyl (3,2,—-5/6)

Qry"L  (3,3,—2/3)
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Leptoquarks in bs ="

Build appropriate LQ currents out of SM fermions:

A9 Ot
AL/6) dpL

VI dpy*lR
73 QTyH L

(3,2,—7/6)

(3,2,—1/6)

(3,1,—2/3)
(3,3,—2/3)

A1/3) QCTyT - L

scalars A A (4/3) @53

vectorsV V(2 QO ity g
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Leptoquarks in bs ="

In the effective Hamiltonian language:

AL/6) dpL

VI dpy*lR
73 QTyH L

A [Z Ci(wOi(w)+ > (Ci(w)Oi(n) + Ci()O(1)) + CrOr + CT5OT5}

i=7,8,9,10,P,S

A1/3) QCireT - L (3,3)_1/3

scalars A —
A4/3) dC0p (3,1)-4/3

vectorsV V(2 QO ity g (3,2,-5/6)
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Leptoquarks in bs ="

In the effective Hamiltonian language:

AG °
Hor = ——= M| DGO+ D (Gi(WOi(w) + CL(wOLw) + CrOr + CrsOrs|
i=1 i=7.8,9,10,P,S
e’ 7w e? - e? —
Oy = g—Q(SmLPLb)(M 0), Os = - (5Prb)(£0), Or = 5 (50""0) (lou,0)
2 2 2
Or0 = Z—(SWMPLI))(M“%K), Op = 1; ~(5PRb) ([yst) . Ors = 1; = (55"7b)(£075L)
(A7 Q. (3,2,-7/6) ) o p | AUIQTIRT L (33)
AU/S) dgl (3,2,-1/6) >ealars A3 dC e (3.1)_1/3
VWdpyttr  (3,1,-2/3) vectors V V@ QYiryytlr  (3,2,-5/6)
V3 QTy*L  (3,3,—-2/3)
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Leptoquarks in bs ="

In the effective Hamiltonian language:

AG °
Heft = — \/—F At [Z Ci(1)Oi(p) + Z (Ci(w)Oi(pn) + Ci(w)Oi () + CrOr + CT50T5}
2 i=1 i=17,8,9,10,P,S
82 _ 7w 62 _ 62 Ly —
Oy = g—Q(SWPLb)(M 0), Os = - (5Prb)(£0), Or = 5 (50""0) (lou,0)
2 2 ~ 2 ~
Or0 = Z—(SWMPLI)) (EyPys) | Op = 1;2 (5PRb) (Fyst) . Ors = 1§7T2 (55b) (00 1 75L) |

L6 = gp QA% ¢

Co = Cro = —7  (9r)st(9R)}y |
2\/§GF>\t04 Mi(7/6)

(defined in the down-quark mass basis)
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Leptoquarks in bs ="

In the effective Hamiltonian language:

AG °
Heft = — \/§F At [Z Ci(1)Oi(p) + Z (Ci(w)Oi(pn) + Ci(w)Oi () + CrOr + CT50T5}
i=1 i=17,8,9,10,P,S
82 7w 62 _ 62 —
Oy = g_Q(S’YMPLb) ("), Os = - (5Prb)(£0), Or = 5 (50""0) (lou,0)
2 2 2
Or0 = Z—(SWMPLI))(M"%K), Op = 1; _(5Prb)(Iy51) Ors = 1; = (55"7b)(£075L)

L6 = gp QA% ¢

LQs live in the Fierzed basis: 1 (gr)se(9R)E,
scalar exchange in the t-channel “ Co = Cho :

. B 2\/§GF)\,504 Mi(7/6)
= (axial)vector operators

(defined in the down-quark mass basis)
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Leptoquarks in bs ="

In the effective Hamiltonian language:

M DGO+ Y

92
62
O10 = g—(S%PLb) (Er*ys50)
AT Otn (3,2, ~7/6)
A(1/6) dpL (3,2,—1/6)
(VO dm e GiL2/3) )
V3 QTy*L  (3,3,—-2/3)

(Cilu)Oi(p) + C(WOL(w) + CrOr + CrsOrs,
i=7,8,9,10,P,S

_ 2 _
Os 1&2 (5PRb)(E0) Or = 1(;2 (55 b)(lo, L) ,
2 B 2 B
Op = 1; ~(5PRb) ([yst) . Ors = 1; = (55"7b)(£075L)
A A1/3) QCireT - L (3,3)_1/3
scalars —
A4/3) dC0p (3,1)-4/3
vectorsV V(2 QC ity ey (3,2,-5/6)
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Leptoquarks in bs ="

In the effective Hamiltonian language:

AG °
Hor = ——2 M| D CilwOi(p) + Y. (Cilw)Oilw) + C()O4(w) + CrOr + CrsOrs|
\/§ =1 1=7,8,9,10,P,S
O = (579, PLb) (P € spoi € (7
9 = g—z(sw Lb) (") Os = - (5Prb)(£0), Or = 5 (50""0) (lou,0)
2 B 2 _ 2 _
Or0 = Z—(gyupr) (EyPys) | Op = 1;2 (5PRb) (Fyst) . Ors = 1§7T2 (55b) (00 1 75L) |
LD = (g1, OVL + g dpy"tr) VY oo o™ (gn)se(gr)i
< ) - 9 RERVGTEIS W M)
C/ _ C/ _ Q0 (gR)SK(gR)Zﬁ
’ U V2GR M a M7,
vector ] Oy g — V21 (grn)se(9R)s
(Tarte B 275) G,

C}) :C‘/S . \/§7T (gR)SE(gL)Zg

N GF)\tOé M‘2/(1)
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Leptoquarks in bs ="

In the effective Hamiltonian language:

4G
Hor = ——2 M| D CilwOi(p) + Y. (Cilw)Oilw) + C()O4(w) + CrOr + CrsOrs|
\/§ 1=1 1=7,8,9,10,P,S
62 L 62 B e2 _
Oy = g—Q(SWPLb)(M 0), Os = - (5Prb)(£0), Or = 5 (50""0) (lou,0)
2 2 _ 2 _
Or0 = Z—(SWMPLI)) (EyPys) | Op = 1; ~(5PRb) ([yst) . Ors = 1§7T2 (55b) (00 1 75L) |
LY = (a0 ONVPL + ap darlr) VO o (gn)se(9L)i
<gL @7 JREORT R> - “ Cro V2Gphe Mg,
I n (gR)Sﬁ(gR)Zﬁ
Co=Clo = V2Griia  MZ,
vector | Oy Cg = V21 (91)se(9R)be
( VO der (3,1, -2/3) ) Nonchiral LQ, | Grha M2,
= (pseudo)scalars possible o _ o V21 (9r)wlgL)i,
P S GF)\tOé M‘2/(1)
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Leptoquarks in bs ="

Summary
Op Op
—Cs Cys
Cs —Cs

)/

Free (complex) parameters

General framework for a single LQ:

C}O C? 40100{0 = _CSC,,S
C’10 — + —CQ
Cp | Cs

o —C% at most 3 complex DOFs

Flavor of New Physics in b—s transitions, 3.6.2014



Scalar leptoquarks in bs = U* -

Scalars
S| LQ [BNC HEA OF @Al Op
INYCIR; C1o
AC/O) |
O \@s3)
A(1/3) T

General framework for a single scalar LQ

Co = x=Cho or Cy = £C1p

| complex DOF
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Scalar leptoquarks in bs = U* -

Scalars
S| LQ [BNC HEA OF @Al Op
AUy C1o
AC/O) |
O \@s3)
A(1/3) T

General framework for a single scalar LQ

(9 = xCqo or Csla — :ECiO

| complex DOF

Constrain above 4 scenarios in Bs =@ Uy, B =2 Kuy, B = Xspp !
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Observables
B = U

G’
s 6473

Br (B, — £+07)™Y = 75, f2 m3,

VoV |* Be(m [ —'@s — ( 4me>
(Cp _ CP)+ 2—(010 _ Cma 2] |

/

Br®M(1 4+ Aarys) /(1 —y2) = Br®P

[ETM, HPQCD, RBC/UKQCD, FNAL/MILC, fB — (228 + 8) MeV
averaged by FLAG] °

[Latest combination of LHCb and CMS results] Br(Bs — ptu™) =(29+0.7) x 107

[Monday’s talk by Francesco Dettori]

ys = 0.08 & 0.01
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Observables
B - KUM g% spectrum

dl’ o1 _BILCSR  Lattice eData
i@ (Mq )+ geds )) 2 B'— Kty
Q LHCb -
v -
NS ]
X 3
ai(q%) and ci(q?) depend on sums % :
of Wilson coefficients — +t g
9
m O RS T T TN N TR SN WY TN NN SN SUN S S S S S S S S
Cy + Cj = % 5 10 15 20
2 1GeV4/c4]
C o q
0 i /10 [LHCb 1403.8044 ]
Cs + Cy
Cp+Cp

We employ unquenched

lattice form factors

[Bouchard et al, Phys.Rev. D88]
[see talk by Stefan Meinel] 2|
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http://arxiv.org/abs/arXiv:1403.8044

ar

i = (ae((f) + —ce(qz))

3

a|(q?) and ci(q?) depend on sums

of Wilson coefficients

Cy + Cy
Cio + Cyy
Cs+ Cg
Cp+Chp

We employ unquenched

lattice form factors

[Bouchard et al, Phys.Rev. D88]
[see talk by Stefan Meinel]

Observables
B - KUM g% spectrum

BN].CSR Lattice —-Data

% B"—> K 'u*tu _
9 LHCb A
NS -
: ~
5 5
— +'+‘ ]
m O PR TR TR TR [N TR TN SN SN NN SN TUN TN S N SN T S S S S -
= % 5 10 15 20
q* [GeV7/c4]
[LHCb 1403.8044 ]
4 )
High q? region: [15,22] GeV?
Br(i5 20) Gevz = (8.47 £0.28 +0.42) x 10~°
Expected to be larger in the SM
- /
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http://arxiv.org/abs/arXiv:1403.8044

Observables

Inclusive B = XspM at low g?

— 1.6(5) x 10~ [T. Huber, T. Hurth, and E. Lunghi, NPB,802]

2
dq exp [A.Ali, E. Lunghi, C. Greub, and G. Hiller, PRD66]

/6 GV dBr (B — Xoutu)
1 GeV? dq2

B-factories average

Theoretical predictions rely on expressions from S. Fukae, C. Kim,and T.
Yoshikawa, PRD 61
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Parameter space of scalar LQ
Right chirality: | 0 regions of Cio

~ G=C

Re Cl() Re C10
® B; — U constraint is not affected by the relative sign (Cos is irrelevant)

® SM is not within the |0 region due to B = Kuu
® |arge cancellations possible in B = Xy

and B = KM with opposite C9 and Cjo
24
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Parameter space of scalar LQ
Wrong chirality: | 0 regions of C,¢’

Co =Cyo Co =Cyo
N ,
B =2 XU |
\
\ ﬁ
1
S o
, £ ,
B — Kpp |
-1
/
- ﬁ
7/
p ,
L ‘ ‘ ‘ ‘ ‘ ‘/‘ ‘ ‘ - _27 |
-2 -1 0 1 2 -2 -1 0
ReClO' ReClO'

® Only B = Ku is sensitive to sign between Cy’ and C)¢’
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Scalar leptoquarks in bs = U* -

Scalars

S OP

@

/
S

O

7
P

|(9L)b£(gL)s£|7 |(9R)be(gR)Sg| 5 few x 1072

@ ma =1TeV/c?
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Comments

Leptonic and exclusive decays probe orthogonal combinations of Wilson coefficients.

Leptonic decay is a decent probe of (axial)vector operators.

Inclusive decay is becoming less competitive in constraining scalar LQ scenarios.

-2 -1 ()1i
ReCm'
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Comments

Cy puzzle observed in B = KUl cannot be addressed by a single LQ

However, using a pair of scalar and vector we can modify Cy while leaving
everything else untouched.
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Conclusions

Leptoquarks are a viable framework, can be embedded in realistic GUT models.

In general, there is no objective objection to having light leptoquarks (IF they
conserve B number).

(bs)(UH) can be studied independently of UV completion.

Interplay with other flavour constraints, e.g., scalar (3,2,7/6) scalar can
explain the observed B = D®)TV branching fractions.

Interplay with LEP precision physics, direct production at the LHC.
& talk by Svjetlana Fajfer

Thank you for your attention!
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